Abstract Foeniculum vulgare (Apiaceae) is commonly known as fennel. This herb is well-known worldwide and traditionally used as curative herbal therapy for the treatment of epileptic disease, seizurescarminative, digestive, lactogogue, diuretic, treating respiratory and gastrointestinal disorders. The aim of present study is to investigate the possible effect of fennel oil against the toxicity of Sodium-Valproic (SVP) in albino rats. In order to assess the protection of fennel oil on SVP induced hepato-and nephro-toxicity, male albino rats were treated with 1 ml/kg b.w fennel oil 3 days/week for 6 weeks. The biochemical analyses of hepatic enzymes were evaluated by estimating blood biomarkers of liver and renal damage along with histological examination. The results obtained from this work showed that treating animals with SVP lead to many histopathological alterations in the liver and kidney tissues. The effect appeared in the liver tissue include leukocyte infiltrations, cytoplasmic vacuolization of the hepatocytes, fatty degeneration and congestion of blood vessels. This commonly used chemical (SVP) caused some unwanted effects on the kidney cortex which histologically observed as degeneration in renal tubules, atrophy of the glomeruli and edema. Biochemical results also revealed an abnormal increase in the enzyme level of AST, SAT, ALP, bilirubin, creatinine and urea-nitrogen, with a noticed decrease in total protein content. However, the results of treated rats with SVP plus fennel oil showed some positive histopathological changes in both the liver and kidney tissues. These results have confirmed that fennel oil has positive effects on the histological structure of the liver and kidney and the biochemical levels of AST, ALT, ALP, bilirubin, total proteins, creatinine and urea. It is concluded that fennel oil has various pharmacological properties including antioxidant, anti-cancer activity, anti-inflammatory. These valu-
Introduction
It is generally believed that prevention is better than treatment. Fennel plants (Foeniculum vulgare) have been widely used as a source of folk medicine since immortal time. Fennel is a medicinal plant belongs to the family Apiaceae (Umbelliferae) (Rather et al., 2012) . This herb is traditionally used as treatment for colic, wind, irritable bowel, kidneys, spleen, liver, lungs, suppressing appetite, breast enlargement, promoting menstruation, improving digestive system, milk flow and increasing urine flow (Delaram et al., 2011) .
This medicinal plant may be beneficial to humans as they have several phytoconstituents to cure diseases (Kooti et al., 2014) . Essential oil of this herbal plant was found to have different medicinal and antioxidant properties against some diseases (Wesam et al., 2015; Mirabolghasemi and Alizadeh, 2014) . It has been shown that the fennel oil with hexane extract of florence and antehole components illuminate the effect of probiotic bacteria and used as antimicrobial agent against other species (Ostad et al., 2001) . Pai et al. (2010) has also reported that oil extracted from fennel plant has effect against Candida albicans and some other bacterial infections. Different pharmacological experiments in a number of in vitro and in vivo models have convincingly demonstrated the ability of Fennel to exhibit antifungal, antibacterial and as antioxidant agent. In addition, It has been suggested that fennel essential oil could inhibit contraction of an isolated uterus that was induced by oxytocin and prostaglandin E 2 (Ostad et al., 2001) .
Trans-Anethole, [1-methoxy-4-(1-propenyl) benzene], is a chief constituent of fennel plant, anise, clove, cinnamon, thyme and camphor. Anethole containing oils are widely used in the food and liquor industries (Castro et al., 2010) . It has been suggested that the antehole may play a major role in blocking both inflammation and carcinogenesis (Bharat et al., 2008) . This compound and related ones have been reported to strike metabolic effects (Singh and Kale, 2008) . Stohs et al. (1986) and Mohamad et al. (2011) have demonstrated that fennel oil acts like antioxidants due to its ability to inhibit lipid peroxidation. Moreover, it has been revealed that oil extracted from this fennel herb has a protective affect against the toxicity induced by carbon tetrachloride in rat liver (Ozbek et al., 2003) . In other study, it has been reported that fennel extract caused a significant improvement against hepatic fibrosis patients with fibrosis, liver tissue inflammation and excessive fat degradation (Wang et al., 2012) . Although, this medicinal herb has few side effects than synthetic drugs, it is still widely and medicinally used due to its antioxidant properties (AsadiSamani et al., 2013) . Also, it has been illustrated that the components of the fennel plant have a positive effects to reduce drugs toxicity in some biological system (Asadi-Samani et al., 2013; Kooti et al., 2014) .
Valproic acid (VPA) is a medicine widely prescribed as an anticonvulsant and mood stabilizer. It has been commonly used in the treatment of epilepsy and bipolar disorder (Henry, 2003 and Johannessen, 2000) . VPA has been prescribed as anti-epileptic drugs (AEDs) over the past 40 years (Chang et al., 2016) . It has been reported by Jessberger et al. (2007) that SVP treatment could cause a neuronal abnormality and contributes to the aberrant neurogenesis associated with epileptic activity in adult rodents. In other study, a wide range of side effects have been reported in patients exposed to SVP treatment such as; gastrointestinal disturbances, tremor and weight gain (Brandt et al., 2006) . Sodium valproate (SVP) has been associated with a number of serious unwanted effects affecting the blood, pancreas, liver and kidney (Chang et al., 2016) . Ornoy (2006) has revealed that SVP is a teratogen agent causing an induction of neural tube defects, heart abnormalities, craniosynostosis, and cause abnormalities to the skeletal malformations, such as ectrodactyly and syndactyly. Moreover, rare serious complications may occur in some patients receiving SVP chronically, including fatal haemorrhagic, pancreatitis, bone marrow suppression and Hyperammonemic encephalopathy (Sztajnkrycer, 2002) . Also, it has been documented that patients undergoing VPA therapy for a period of time often show changes and instability in mood reaction, cognition and behavior (Senturk et al., 2007) . Nadebaum et al. (2011) has reported that VPA can noticeably develop cognitive dysfunction in epileptic patients. Furthermore, VPA could alter hepatic triacylglycerol (TAG) and cholesterol biosynthesis, fatty acid catabolism, and lipid transport-related gene expression patterns (Lee et al., 2007) . Stephens and Levy (1992) have reported that SVP may cause liver damage and led to pancreatitis, which occasionally progress to bleeding and death. It has been also suggested that liver dysfunction is one of the common negative side effect of SVP treatment. Mora´n-Salvador et al. (2011) has demonstrated that liver biopsy revealed portal inflammation, severe bile duct loss, and cholestasis as result of SVP effect. Clinical record have reported that more than 40% of patients who received VPA also developed unexpected obesity and fatty liver disease (Saleh et al., 2012) . However, how VPA affects hepatic lipid metabolism to induce fatty liver remains unclear. Coyle et al. (2005) has reported that in three cases, the valproic acid was found to be associated with leukemia. Moreover, Janneke et al. (2010) has also demonstrated that there was a significant association between exposure of the unborn child to valproic acid monotherapy and Spina bifida, arterial septa defects, cleft palate, hypospadias, polydactyl and craniosynostosis. In addition, VPA was also documented to be a major cause leading to degenerative changes in kidney of pregnant rats (Aktas et al., 2010) . Gokee et al. (2010) has noticed that valproic acid-associated vanishing bile duct syndrome in an 8-year old girl treated with valproic acid. These results have of the above mentioned authors stimulated us to study the possible preventive effect of According to these scientific knowledge found and reported about the fennel plant and its effective components, The aim of this study was to investigate the positive antioxidant properties of fennel oil against valporic acid (SVP) exposed to liver and kidney organs
Experimental methods
Albino male rats (Sprague-Dawley strains) weighting 150 ± 10 g were used in this study. Rats were housed in standard cages and kept under constant temperature (24 ± 2°C) at laboratory condition throughout the experimental period. The rats were maintained on a standard rodent pellets and water. Environmental conditions of animals and experimental procedures were approved by the animal ethical committee in accordance with the guide for care and use of laboratory animals. Animals were divided into 4 experimental groups:
Group I. Animals of this group (10 rats) were served and treated as controls under optimum conditions. Group II. Animals of this group (10 rats) were orally given 1 ml/kg b.w fennel oil 3 days/week for 6 weeks (Rabeh and Aboraya, 2014) . The fennel oil was obtained from a local pharmacy, Jeddah, KSA. Group III. Animals of this group (10 rats) were orally given 25 mg/kg b.w of sodium valproate (Okdah and Ibrahim, 2014) 3 days/week for 6 weeks. The SVP was purchased from a local pharmacy as tablets with trade name Depakine and dissolved in distilled water. Group VI. Animals of this group (10 rats) were given the same dose of Sodium valproate given to animal of group III, followed by fennel oil, 3 days/week for 6 weeks.
Histological study
In this study, histological staining technique was conducted to investigate the possible effect of fennel oil against SVP. At the end of the experimental period, animals were fasted overnight and then the treated and untreated (control) groups were weighted and sacrificed by cervical decapitation after 6 weeks of treatment course. Blood samples were collected then animals were dissected and liver and kidney organs were removed followed by immediate fixation in a 10% formalin to prevent decay and preserve cells and tissues in a ''life-like" state. Small pieces of specimens were dehydrated in an ascending series of alcohol and processed for paraffin section preparation. The tissues were cleared in two changes of xylene and then were embedded in fresh molten paraffin. Paraffin sections were cut at a thickness of 3-5 lm using rotary microtome and mounted on clean slides. For histopathological observations, sections were cut and stained with Ehrlich's hematoxylin and counterstained with eosin (H&E).
Biochemical study
Blood samples were collected from animals groups after 6 weeks of treatment. The blood samples were withdrawn from the retro-orbital venous plexus into serum tubes and left to clot and followed by centrifuging at 3000g for 15 min at 4°C where the clear sera were separated for the blood analysis. Samples were kept in a specific order to avoid cross-contamination of additives between tubes. Blood samples were processed for determination of Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Alkaline phosphatase (ALP), Bilirubin, Total proteins, Creatinine and Urea. These were measured using a fully automated Hitachi 911 analyzer (Tokyo, Japan). A commercial randox kits (Randox Laboratories, LTD, Ardomre, Crumlin, United Kingdom) were used for the biochemical analysis.
Statistical analysis
The results of different groups were expressed as mean ± SD. The differences between the mean values were evaluated by ANOVA. Data was analyzed using the computer program SPSS/version 15.
Results
6.1. Histopathological examination 6.1.1. Liver
The light microscopical examination of liver sections from the control rats revealed normal hepatocytes, normal branching cords of hepatocytes around the portal tract and central vein separated by blood sinusoids, the hepatocytes were found arranged in strands around the central vein. The cords appeared to be intermingled by blood sinusoids containing normal kupffer cells as shown in (Fig. 1A) . Also, in the liver section of the rats group treated with fennel oil similar histological structure was observed with more or less healthy hepatocytes architecture and congested blood vessels (Fig. 1B) . In contrast, the liver sections obtained from the SVP treated rats revealed clear hepatocytes disorganization and hepatocytes nuclei were shrinked, pyknotic or apoptotic. The most remarkable changes was the congestion of the intrahepatic blood veins (Fig. 1C) . Moreover, infiltrations by masses of leukocyte inflammatory cells were also observed in this section of SVPtreated group as shown in (Fig. 1C) . It is noteworthy that after 6 weeks of exposition to SVP most of the hepatocytes appeared to have cytoplasmic vacuolation with pyknotic nuclei, congestion, fibrosis and bile duct necrosis around the portal tract, (Fig. 2A) , also, fatty infiltrations was noticed in the SVP group as shown in (Fig. 2B) . However, in the liver of animals treated with SVP and fennel oil a remarkable improvement was observed and regeneration in the periportal zone was noticed ( Fig. 1D and Fig. 2C ). The same figure showed some hepatocytes appeared acidophilic with granular cytoplasm and central vesicular nuclei were similar to the normal, but few leukocyte inflammatory (Fig. 2C) .
Kidney
Normal histological structure of the kidney was observed in the control sections and no histopathological changes was noticed as shown in (Fig. 3A) . The kidney architecture is composed of a large number of nephrons and hematopoiesis. Each nephron contains renal corpuscles and renal tubules. The renal corpuscles contain a vascular capillary glomerulus that is enclosed by Bowman' capsule. Also, the renal tubule is connected the renal corpuscle to a large collected duct and composed of proximal and distal tubules. The kidney sections from animals given fennel oil showed normal structure with no histopathological changes (Fig. 3B) . However, the microscopical examination of kidney cortex of the animals treated with SVP showed congested and enlarged renal veins and vac-uolar degeneration in some tubular epithelial cells, some cell debris scattered in tubular lumina. The renal tubules showed cytoplasmic vacuolation of epithelial lining and their lumen filled with proteinaceous casts (Fig. 3C) . Also, edematous lesion was observed between the tubules as shown in (Fig. 3D) . The renal tubules appeared severely injured and the glomeruli were fragmented and degenerated (Fig. 4A) . In the animals group given SVP and fennel oil, the histological structure of kidney cortex was more or less improved and nearly restoring to its normal structure. In comparison to the histopathological changes shown in the SPV treated sections these changes slightly held and improved in the group treated with SVP plus fennel oil. Also, the tubules and glomeruli appeared to be normal (Fig. 4B) .
Biochemical results
SVP treatment resulted in a significant increase in hepatic enzymes level, total-bilirubin, creatinine and urea nitrogen after six weeks of administration, concomitant with a significant decline in total-proteins content as compared to control rats (Figs. 5-7) . However, the administration of fennel oil alone revealed insignificant changes in the mentioned parameters when compared to control rats except in rats treated with SPV and fennel oil where a significant decrease toward the normal values of the controls in hepatic enzymes, total-bilirubin, creatinine and urea nitrogen was observed.
The selected and specialized serum markers of liver functions among the different groups are shown in (Figs. 5-7) . It is clearly indicated that fennel oil had no effect on AST, ALT, and ALP activities as well as bilirubin, creatinine, urea nitrogen and total protein levels when compared with the control group. The treatment of rats with SVP alone resulted in significant increases the activity of AST (Fig. 5A) , ALT (Fig. 5B) , and ALP (Fig. 5C) bilirubin (Fig. 6A) , creatinine ( Fig. 7A) and urea (Fig. 7B ) levels and a non-significant increase in total proteins level (Fig. 6b) . However, the administration of SVP together with fennel oil to rats succeeded significantly in preventing the SVP-induced changes in the above mentioned parameters (Figs. 5-7 ).
Discussion
SVP is a common medicine used as treatment for epilepsy and bipolar disorder different diseases (Henry, 2003; Johannessen, 2000) . However, SVP use has been complicated by a high incidence of hepatic injury which was found to be associated with oxidative damage (Chang et al., 2016) . Fennel was reported to have antioxidant effects. Therefore, in this study, the aim was to investigate the protective effects of fennel oil, as natural products, against SVP-induced liver and kidney injury. The results of this study have revealed that SVP has caused different histopathological and biochemical changes. The treated liver with SVP showed a remarkable degeneration of hepato- cytes, aggregation of inflammatory cells infiltration, congested blood vessels and fatty infiltration. Also, the kidney result of SVP treated rats reveled some abnormality in the renal tubular structure. The results obtained from this study uniquely compared to other studies in this context. It is confirming that SVP has an effect on liver and kidney histological structure and hepatic enzymes into the bloodstream, which can result in elevated liver enzymes on blood tests.
It has been documented that microvesicular, fatty changes are associated with necrosis appeared in liver of patients given valporate (Mathis et al., 1979) . Lewis et al. (1982) and PowellJackson et al. (1984) have reported that administration of SVP to rats produced a dose dependent microvesicular hepatic steatosis and causing abnormality to the liver tissue. Stephens and Levy (1992) have also showed that depakene (SVP) can cause liver damage and cause pancreatitis which occasionally lead to bleeding and death. Raza et al. (2000) reported that treating mice with valproic acid induces fatty degeneration of hepatocyte, swelling and increased number of kupffer cells. Other study showed that steatosis and necrosis of hepatocyte are the main histopathological changes in liver of albino rat induced by toxic dose of valproic acid (Khan et al. (2005) . These changes are consistent with the results reveled in this work. Moreover, vacuolar degenerative changes, hypertrophied nucleus with fragmented chromatin, inflammatory cells aggregates and congested vasculature were observed in liver of mice treated with valporic acid (Ibrahim, 2012) .
The biochemical analyses showed that SVP has affected the normal concentration of some hepatic enzymes. Transaminases (ALT, AST and ALP), bilirubin were significantly increased in the sera of SVP-treated animals. These enzymes, AST, ALT and bilirubin are biomarkers in the diagnosis of hepatic damage, because they are released into the circulation after cellular damage. Alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) are well-known as markers of an obstruction in the bile flow cholestasis pressure (Kumar et al., 2008) . The changes of these enzymes activities may be mainly due to the leakage from the liver cytosol into the blood. Bilirubin and creatinine levels are also related to the status and function of hepatic cells. The increase in serum ALP is due to increased synthesis in the presence of biliary pressure (Kumar et al., 2008) . Bilirubin has been used in several studies as biomarker to evaluate chemically-induced hepatic injury (Mannaa et al., 2015) . This is one of the most useful clinical clues to the severity of necrosis, and its accumulation is a measure of binding, conjugation, and excretory capacity of hepatocytes (Naik et al., 2004) and (Mannaa et al., 2015) . These facts indicate that although, SVP is widely used as a treat mania (episodes of frenzied, abnormally excited mood), it also lead to some abnormalities in liver and kidney tissues. It has been reported by (Spiller et al., 2000) that the side effect of valproic acid on the hepatic tissue is associated with dose dependent rise in serum liver enzymes. Felker et al. (2003) has notice through retrospective studies a transient elevation of liver ALT and AST in epileptic patients treated with valproic acid. In addition, Powell-Jackson et al. (1984) and Okdah and Ibrahim (2014) have reported that AST and bilirubin increased in serum of animal given SVP. This due to its oxidative stress which has been recognized to be involved in etiology of several liver diseases (Okdah and Ibrahim, 2014) . The histopathological and biochemical results shown in this investigation are consistent with these reported the negative side effect of SVP.
The results also showed that SVP has a notable effect on in kidney tissue of treated rats. These effects appeared as atrophy of the glomeruli, degeneration of renal tubules and edema. Renal damage, such as interstitial nephritis and proximal renal tubule were observed. Some of these dysfunction has been previously intimated following administration of sodium valporate (Lenoir et al., 1981; Ching-Yuang and Chiang, 1988) . In other study, it has been reported that tubulointerstitial nephritis is a major side effect of VPA (Yoshikawa et al., 2002) . Raza et al. (2000) has recognized some significant epithelial necrosis, sloughing of tubules, and mild lymphocytic infiltrate after 21-days administration of 0.71% VPA in drinking water of mice. Gezginci-Oktayoglu et al. (2016) has also observed tubular disruption especially in proximal tubules, necrosis in the glomerular and tubular areas, accumulation of collagen fibers in the necrotic areas, and mononuclear cell infiltration in renal tissue of rats treated with VPA (500 mg/kg/day) for 15 days. The present results also showed that creatinine and urea nitrogen were increased in sera of SVP-treated animals. These facts are similar to the observations reported by Fukuda et al. (1996) and Watanabe et al. (2005) , since they had noticed some abnormalities in serum urea and creatinine levels in animal and patients treated with SVP. These biochemical results together with histological observations mentioned in this study indicate that SVP has caused renal damage and lead to dysfunction of kidney architecture.
As regards the effect of fennel oil, the present results revealed that it attenuates SVP induced histological changes in the liver and kidney. Moreover, the fennel oil has improved the biochemical levels of AST, ALT, ALP, bilirubin, total proteins, creatinine and urea and maintained these levels to be normal. The results are in agreement with those of other investigators who studied the protective effect of fennel oil. Ozbek et al. (2003) has indicated that fennel essential oil could inhibit the CCl 4 induced acute hepatotoxicity by decreasing levels of serum aspirate amino-transferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and bilirubin. The noticed reduction of bilirubin level in the serum of fennel oil given to treated animals with comparison to the administration of SVP alone might indicate that the conjugating function of the liver was improved due to fennel oil which increased the bile flow in rats (Rafatullah et al., 2006) .
It has been reported that fennel extract contains different polyphenolic compounds (Faudale et al., 2008; Chang et al., 2013) . These, Polyphenolic compounds are known to have tremendous antioxidant activity and it is likely that the activity of fennel extracts could be due to these active compounds (Chatterjee et al., 2012; Choi and Hwang, 2004) . This activity is believed to be mainly as a result of their redox properties, which plays an important role in adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides (Sofowora, 1993; Singh et al., 2006) .
Many diseases develop as a result of a process which involves the formation of reactive oxygen species (ROS). In recent years, there has been an increased interest in the possible role of reactive oxygen species (ROS) in the pathogenesis of tissue injury (Tung and Winn, 2011) . According to several investigators, ROS are the main mediator of VPA toxicity. For instance, VPA-induced ROS generation has been observed to cause hepatotoxicity (Tong et al., 2005) , neurotoxicity (Auinger et al., 2009) , teratogenicity (Tung and Winn, 2011) , and renal toxicity (Chaudhary et al. 2015) . In addition, it has been suggested that free radical scavengers such as SOD and CAT were depleted in VPA-receiving patients (Graf et al., 1998) . Cotariu et al. (1990) has reported that depletion of the antioxidant glutathione (GSH) was proposed as one of the mechanisms leading to valproic acid-associated toxicity. Thus, the recorded toxicity of SVP in this work may be attributed to its oxidative stress. Several volatile organic compounds, sometimes referred to as VOCs found in fennel seed extracts have been found including; trans-anethole, fenchone, methylchavicol, limonene, apinene, camphene, b-pinene, b-myrcene, a-phellandrene, 3-carene, camphor and cisanethole could affect the toxicity caused by chemical treatments (Simandi et al., 1999) . Some of these component; D-limonene and b-myrcene have been documented to affect liver function and D-limonene has been suggested to increase the concentration of reduced glutathione level in the liver (Reicks and Crankshaw, 1993; Rodwell, 1993) . Singh et al. (2006) have found that more than 80% of the essential oil components of fennel is composed of transanethole component. Thus, with regard to these valuable reports the protective effect of fennel oil against toxicity of SVP recorded in this work may be due to its antioxidant activity. 
